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English Abstract  
 
Back ground: 
Ultrasound is a useful imaging modality increasingly used in the assessment of the 
haptobiliary system; we have evaluated the gall bladder motor function by using 
ultrasound  to assess  the contribution of  this modality  in assessing patients with 
symptoms simulating gallbladder disease. 
Design: Prospective controlled study. 
Setting: In Omdurman Military hospital. 
Objectives: Evaluated  the usefulness of using ultrasound  for  the assessment of 
the gallbladder motor function   in health and disease.  
Methods  :  One  hundred  thirty  four  patients  were  divided  into  three  groups  , 
group one are patients with symptoms simulating gallbladder disease , group tow 
are controls and group three are patients with silent gallstones  . the fasting and 
postprandial volumes were studied  in each group and the results were collected 
Results:     The gallbladder motor  function was  found  to be normal  in  the  three 
groups but the contractility of the gallbladder is found to be mildly reduced in the 
ill patients  compared to the controls and the postprandial volume in patient with 
silent gallstones is found to be more than that of the controls   .  
Conclusion: There are some variations in the volumes of the gallbladders in the 
healthy Sudanese people .The gallbladder motor function in the diseased patients 
is reduced probably as other body functions are reduced and further study is 
needed. The gallbladder containing silent stones remains normally functioning 
unless complicated with infection, obstruction, etc …    
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  اﻻﻃﺮوﺣﺔ ﻣﻠﺨﺺ
 
.  اﻟﺼﻔﺮاوﻳﺔ اﻟﻘﻨﻮات و اﻟﻤﺮارة و اﻟﻜﺒﺪ ﻟﻔﺤﺺ اﻟﻤﻬﻤﺔ اﻟﺨﻴﺎرات آﺎﺣﺪ اﻟﺼﻮﺗﻴﺔ ﻓﻮق اﻟﻤﻮﺟﺎت ﺟﻬﺎز ﻳﺴﺘﺨﺪم
 ﻟﻘﻴﺎس اﻟﺼﻮﺗﻴﺔ ﻓﻮق اﻟﻤﻮﺟﺎت ﺟﻬﺎز ﺑﺎﺳﺘﺨﺪام وذﻟﻚ ﺑﺎﻣﺪرﻣﺎن اﻟﻄﺒﻰ اﻟﺴﻼح ﺑﻤﺴﺘﺸﻔﻰ اﻟﺪراﺳﺔ هﺬﻩ اﺟﺮﻳﺖ
 اﻟﻤﺎدة ﺗﻔﺮﻳﻎ و ﻟﻼﻧﻘﺒﺎض اﻟﻤﺮارة آﻴﺲ ﻣﻘﺪرة ﻗﻴﺎس و اﻟﺴﻮداﻧﻰ اﻻﻧﺴﺎن ﻓﻰ  اﻟﻄﺒﻴﻌﻰ  اﻟﻤﺮارة آﻴﺲ ﺣﺠﻢ
 ﺷﺨﺼﺎ ﺛﻼﺛﻮن و ارﺑﻌﺔ ﻣﺎﺋﺔ ﻋﺪدهﻢ اﻟﺒﺎﻟﻎ اﻟﻤﺮﺿﻰ ﺗﻘﺴﻴﻢ ﺗﻢ.  دهﻨﻴﺔ ﻣﻮاد ﻋﻠﻰ ﺗﺤﺘﻮى ﻟﻮﺟﺒﺔ اﻟﺼﻔﺮاوﻳﺔ
 اﻟﻤﺮارة اﻟﺘﻬﺎب اﻋﺮاض ﺗﺸﺎﺑﻪ ﺳﺮﻳﺮﻳﺔ اﻋﺮاض ﻣﻦ ﻳﻌﺎﻧﻮن اﻻوﻟﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻓﺮاد.  ﻣﺠﻤﻮﻋﺎت ﺛﻼﺛﺔ اﻟﻰ
 ﻣﺠﻤﻮﻋﺔ هﻰ اﻟﺜﺎﻧﻴﺔ اﻟﻤﺠﻤﻮﻋﺔ.  اﻟﺼﻮﺗﻴﺔ ﻓﻮق اﻟﻤﻮﺟﺎت ﺑﻮاﺳﻄﺔ اﻟﻔﺤﺺ ﻋﻨﺪ ﻃﺒﻴﻌﻴﺔ  ﺗﺒﺪوا اﻟﻤﺮارة وﻟﻜﻦ
 اﻋﺮاض اى ﻻﺗﺴﺒﺐ  اآﺜﺮ او واﺣﺪة ﺣﺼﺎة ﻋﻠﻰ اﻟﻤﺮارة ﺗﺤﺘﻮى اﻟﺜﺎﻟﺜﺔ اﻟﻤﺠﻤﻮﻋﺔ  ﻓﻰ(  اﺻﺤﺎء)  اﻟﻀﺒﻂ
  . ﺳﺮﻳﺮﻳﺔ
 اﻗﻞ اﻟﻤﺮارة ﺗﺒﺪوا  اﻟﺜﺎﻟﺜﺔ و اﻻوﻟﻰ اﻟﻤﺠﻤﻮﻋﺔ ان اﻟﻨﺘﺎﺋﺞ اﻇﻬﺮت ﻟﻠﻮﺟﺒﺔ اﻟﻤﺮارة اﺳﺘﺠﺎﺑﺔ اﺧﺘﺒﺎر اﺟﺮاء ﺑﻌﺪ
 اآﺒﺮ اﻟﺜﺎﻟﺜﺔ اﻟﻤﺠﻤﻮﻋﺔ ﻓﻰ اﻟﻤﺮارة ﺣﺠﻢ ان و(  اﻟﻀﺒﻂ ﻣﺠﻤﻮﻋﺔ)  اﻟﺜﺎﻟﻨﻴﺔ اﻟﻤﺠﻤﻮﻋﺔ ﻣﻦ  ﻟﻼﻧﻘﺒﺎض اﺳﺘﺠﺎﺑﺔ
 اﻟﺴﻮداﻧﻴﻴﻦ ﻋﻦ اﻟﻤﺮارة ﻟﻜﻴﺲ اﻟﻄﺒﻴﻌﻰ اﻟﺤﺠﻢ ﻓﻰ ﺗﺒﺎﻳﻦ هﻨﺎﻟﻚ ان اﻟﻨﺘﺎﺋﺞ اﻇﻬﺮت.  اﻟﻀﺒﻂ ﻣﺠﻤﻮﻋﺔ ﻣﻦ
 ﺗﺴﺒﺐ ﻻ اﻟﺘﻰ اﻟﺤﺼﻮة ان و اﻻﺻﺤﺎء ﻣﻦ اﻗﻞ اﻟﻤﺮﺿﻰ ﻋﻨﺪ اﻟﻨﻘﺒﺎض ﻋﻠﻰ اﻟﻤﺮارة آﻴﺲ ﻣﻘﺪرة و اﻻﺻﺤﺎء
 اﺣﺪ اﻧﺴﺪاد او اﻻﻟﺘﻬﺎب ﻣﺜﻞ ﻣﻀﺎﻋﻔﺎت ﺗﺤﺪث ﻟﻢ ﻣﺎ اﻟﻤﺮارة ﻓﻰ هﻜﺬا ﺗﺒﻘﻰ ان ﻳﻤﻜﻦ ﻣﺮﺿﻴﺔ اﻋﺮاض
  . اﻻﺧﺮى اﻟﻤﻀﺎﻋﻔﺎت ﻣﻦ ذﻟﻚ ﻏﻴﺮ او اﻟﺼﻔﺮاوﻳﺔ اﻟﻘﻨﻮات
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 Chapter one  
INTRODUCTION & LITRETURE REVEW  
The gall bladder is a muscular organ that serves as a reservoir for bile. 
It is present in most vertebrates. In humans it is a pear shaped membranous 
sac on the under-surface of the right lobe of the liver just below the ribs. It 
does many important functions aiming to promote digestive process. The gall 
bladder as other body organs can be abnormally located or congenitally 
malformed. Also it is vulnerable to be affected by many disorders e.g. stone 
formation, infectious, inflammatory and neoplastic disorders. Ultrasound, 
cholescintigraphy, percutaneous transhepatic cholangiography (P.T.C), 
endoscopic retrograde cholangiopancreatography (ERCP), plain radiography 
and tomography are all used to investigate the gall bladder and biliary ducts 
in different pathological conditions. 
As imaging modalities are complementary and not competitive the 
choice of the modality used depends on the clinical situation and ultrasound is 
usually the primary investigation to begin with. Ultrasound is the best of all 
methods of investigation of the gallbladder and biliary duct diseases, it is the 
simplest and best test for showing gall stones and other diseases of the gall 
bladder, and is also excellent for confirming or excluding bile ducts 
dilatation(7).  
Oral cholecystography has a very limited role nowadays and has been 
largely abandoned as a diagnostic test. Radio-nuclide imaging using 
hepatobiliary agent has an important role in excluding obstruction to the 
 cystic duct. CT -scanning can demonstrate gall bladder stones, wall thickness 
and dilatation of the common bile duct. 
Endoscopic retrograde cholangio-pancreatogrophy 
(E.R.C.P) and percutaneous transhepatic cholangiography (P.T.C) are more 
Invasive techniques used for selected cases only. 
The gallbladder has to contract efficiently to eject bile into the 
duodenum in response to presence of food there to facilitate the digestive 
process. Assessment of the gallstones motor function is of paramount 
importance because of playing important role in: 
1- The course and pathogenesis of cholelithiasis. 
2- Dissolution of gallstones by ingestion of bile acids. 
3- Lithotripsy. 
4- Management of biliary dyskinesia. 
Ultrasound, cholescintigraphy and oral cholecystograph are all used 
and found to be reliable in assessing the gall bladder contractility and 
emptying. Each imaging modality has its advantages and disadvantages, but 
ultrasonography is the cheapest, simplest, non-invasive and readily available, 
so it is the modality selected to assess the gallbladder motor function and 
emptying in the study. 
 
 1.2. LITERATURE REVIEW 
Embryology: 
The hepatic diverticulum arises from the ventral wall of the forgut and 
is elongated into a stalk to form the choledocus. A lateral bud is given off, 
which is distended to form the gallbladder and cystic duct. The embryonic 
hepatic duct sends out many branches which join up with the canaliculi 
between the liver cells. As is usual with the embryonic tubular structures, 
hyperplasia obliterates the lumina of this ductal system, but normally 
recanalization occurs subsequently and bile begins to flow. During early fetal 
life the gallbladder is entirely intrahepatic (1). 
Anatomy: 
The gallbladder is a pear shaped sac lying on the undersurface of the 
liver. The anatomical subdivisions are a fundus, a body and a neck, which 
terminates into a narrow infundibulum   . It is about 7.5 - 12.5 cm long and 2.5 
- 4cm wide. It has a capacity of 30-50 ml, but capable of considerable 
dialatation in certain pathological conditions. The muscle fibers in the wall of 
the gallbladder are arranged in criss-cross manner, being particularly well 
developed in the neck. The mucous membrane contains indentation of the 
mucosa that sinks into the muscle coat; these are the crepts of Lushka. 
Blood supply: 
 Arteries: the cystic artery, a branch of the right hepatic artery is 
usually given off behind the common hepatic duct. Occasionally an accessory 
cystic artery arises from the gastro duodenal artery. In 15% of cases the right 
 hepatic artery and/ or the cystic artery cross in front of the common bile duct 
and the cystic duct. The most dangerous anomalies are when the hepatic 
artery takes a tortuous course in front of the origin of the cystic duct or the 
right hepatic artery is tortuous and the cystic artery is short, because there is 
a possibility of liver infarction in accidental ligation of the common hepatic 
artery(1). 
Lymph drainage: 
The lymph vessels of the gall bladder (subserosal and submucous) 
drains into the cystic lymph nodes of Lund (the sentinel lymph node) which lies 
in the fork created by the junction of the cystic and common hepatic ducts. 
Efferent vessels from this lymph node go to the hilum of the liver and to the 
celiac lymph nodes. The subserosal lymphatic vessels of the gall bladder also 
connect with the subcapsular lymph channels of the liver and this account the 
frequent spread of carcinoma of the gallbladder to the liver(1). 
Venous drainage: 
Cystic vein drains into the portal vein. 
Nerve supply: 
Sympathetic and parasympathetic nerve supply is from the celiac 
plexus. The gallbladder contracts in response to the hormone cholecystokinin-
panceozymin which is produced by the mucus membranes of the duodenum on  
the arrival of fat from the stomach (2).  
 Intrahepatic bile duct anatomy: 
Bile drains from the ductular and canalicular network of the acini. 
These ducts run with the branches of the portal vein and hepatic artery in the 
portal triad. The smallest interlobular ducts join to form sepal bile ducts and 
these finally unit to form the right and left hepatic ducts. The liver is divided 
into two major parts and a caudate lobe. The left (segment 2-3) and right 
(segment, 4 -8).The tow halves are divided by the principle plain that passes 
through the middle of the gallbladder bed anteriorly to the left side of the 
inferior vena cava posteriorly, each of these halves is then divided into two 
sectors by the right and left fissures, corresponding to the line of the left and 
right hepatic veins. The caudate lobe termed segment I is best considered as 
an autonomous part of the liver with separate vascular and biliary apparatus, 
the left hepatic duct drains the three segments of the left liver and the right 
hepatic duct, the four segments of the right liver. The right hepatic duct arises 
from the union of the main sectorial ducts. 
Extra hepatic duct anatomy: 
The right and left hepatic ducts fuse at the hilum, anterior to the 
bifurcation of the portal vein to form the common hepatic duct which runs 
caudally in the free edge of the omentum. The extra hepatic segment of the 
right duct is short but the left duct has a much longer extra hepatic course and 
hence when exposed surgically at the level of the hilar plate can facilitate a 
wider biliary enteric anastomosis. The main bile duct is divided into two 
segments. The common hepatic duct and the common bile duct divided by the 
 cystic duct insertion whilst the cystic duct joins the common hepatic duct in its 
supraduodenal segment In 80%. It may extend downward to a retro duodenal 
or retro pancreatic site. The common bile duct passes inferiorly posterior to 
the first part of the duodenum and in a groove in the pancreatic head. In the 
majority it then forms a short common channel with the main pancreatic duct 
within the posteromedial wall of the duodenum termed the ampulla of Vater. 
Variance in this anatomic pathway may have pathological sequelae. 
Blood supply: 
Knowledge of blood supply is important because of the contribution of 
ischaemia to the development of biliary strictures, now increasingly following 
laparoscopic cholecystectomy and transplantation. The segments of supply are 
described as hilar, supraduodenal and retro pancreatic. The supply to the retro 
duodenal part is essentially axial from the retro duodenal artery, right hepatic 
artery, cystic artery and gastro-duodenal artery. The majority of this supply, 
60%, runs upward from the major vessels with 38% descending from the 
intrahepatic divisions of the right hepatic artery. Hilar ducts recruit their 
supply from the network in the continuity with the supraduodenal supply, while 
the retro pancreatic common bile duct supply is derived from retro duodenal 
artery. 
Developmental anomalies of the biliary anatomy: 
• Intrahepatic anomalies: The normal biliary confluence of left and right 
hepatic ducts as described is reported in between 57-72% of individuals. 
Variation described are:  
 - Triple confluence of the right posterior sectoral, right anterior 
sectoral, and main left hepatic duct.  
- Direct insertion of the right sectoral duct into the main bile duct 
(20%). 
- Insertion of the right sectoral duct into the left hepatic duct (6%). 
- Absence of the main hepatic confluence? 
- Insertion of the right posterior sectoral duct into the cystic duct or 
gallbladder 
Failure to recognize these anatomic variations at cholangiography or 
surgery either laparoscopic or open may result in biliary leaks or impaired 
biliary drainage with its clinical sequelae of cholangitis and secondary biliary 
cirrhosis. 
Extra hepatic anomalies: 
A number of anomalies with important radiological implication have 
been described: 
1- Agenesis of the gallbladder, this is rare with an incidence of less than 0.1 
% of the population. Hindgut malformations of inperforate anus and 
rectovaginal vistulae are documented associated abnormalities. 
2- Bilobar gallbladder with a single cystic duct and two fundi. 
3- Folded gallbladder, this may be retroserosal between the body and the 
fundus, commonly termed the phrygian cap deformity and presents in up 
to 18% of individuals, alternatively it may be serosal between the body 
and infundibulum. 
 4- Congenital diverticulum. 
5- Duplication of the cystic duct with unilocular gall bladder. 
6- Septum of the gall bladder. 
The importance of the above anomalies lies in their association with 
calculus formation. 
7- Anomalies of the gall bladder position: A left sided gallbladder arises as 
part of complete transposition of the abdominal viscera in situs inversus 
as a result of abnormal migration with the gallbladder developing to the 
left of falciform ligament or retro hepatic site or herniates through the 
epiploic foramen. If uncomplicated by disease, these anomalies represents 
interesting entities, but if pathology develops they carry a high morbidity 
and present a major challenge to the surgeons and interventional 
radiologists. 
8-  Anomalies of the cystic duct: insertion into either the left or right hepatic 
duct, into the retro duodenal or retro pancreatic segment of the common 
bile duct. These anomalies contribute to the complications of 
laparoscopic common bile duct injury as they may be accidentally divided 
resulting in postoperative biliary leak (3).  
 Biliary tract physiology 
•  Regulation of bile flow: 
- Fasting. 
- Postprandial. 
- Enterohepatic circulation. 
• Composition of bile: 
- Water. 
- Bicarbonate. 
- Cholesterol. 
- Lecithin. 
- Bile salts. 
- Conjugate bilirubin. 
The healthy gallbladder has many functions: 
1- Reservoir for bile: during fasting the resistance to flow in the sphincter 
of Oddi is high and bile excreted by the liver is diverted to the 
gallbladder.  After feeding tension in the sphincter is reduced, bladder 
contracts and bile enters the duodenum. 
2- Concentration of bile: by active reabsorption of water by the mucous 
membranes into the blood, bile is concentrated 5-10 times. 
3- Changing the reaction of bile: pH is changed from 8.2 to 7.6/7 in the 
gallbladder. 
4- Secretion of mucin: about 20ml IS secreted each 24 hours (1).  
 Gallbladder and biliary duct pathology 
1- Cholelithiasis: 
Gallstones are common in the general population and are often found 
incidentally on plain films, ultrasound and less common CT (4).  
Prevalence: 
It is estimated that up to 17% of the adult population have gallstones, 
but a significant proportion of these are silent with no clinical sequelae. 
Studies have shown that up to 50% of the detected calculi remain 
asymptomatic over 10 -15 years period (3).  
Risk factors: 
1- Being a female. 
2- Increased age. 
3- Obesity. 
4- Multiparity. 
5- Chronic liver diseases. 
6- Hemolytic disorders. 
7 - Diabetes mellitus. 
8- Congenital disorders of the billiary tree. 
9- Sepsis. 
10- Parental feeding. 
11- Ileal resection. 
12- Contraceptive pills. 
13- Diet rich in animal fats. 
 Classification: 
• Cholesterol stones. 
• Pigment stones. 
• Mixed stones  
Pathogenesis of cholesterol stones: 
Cholesterol is partly derived from dietary sources. In addition it is 
synthesized chiefly in the liver but also in the small intestine, skin and 
adrenals. The rate limiting step in cholesterol synthesis is β-hydroxy-β-methyl 
glutryl- CoA. "HMG-Co-A" reductase which catalysis the first step i.e. the 
conversion of acetate to mevalonate. The cholesterol formed is co-secreted 
with phospholipids into the biliary canaliculus is a unilamellar vesicles. 
Cholesterol stones develop in bile that has an excess of cholesterol 
relative to bile salts and phospholipids "super saturated bile". This could 
occur because of excess of cholesterol or because of decrease in bile salts. 
There is a reduced bile salts pool in some patients with cholesterol gall 
stones and the pool circulates more frequently. This may account for the 
reduction in the rate limiting cholesterol-7 -α- hydroxylase found in some 
patients "feed back inhibition". Diminished bile salts synthesis is not the only 
cause of super-saturated bile; there appear to be an increase in HMG 
reductase with an increase in cholesterol secretion into bile in some patients. 
In super saturated bile, the bile acids solubilize phospholipids from unilocular 
vesicles more cholesterol. This result in unstable vesicles which are more 
prone to aggregate, and form multilamellar vesicles. It is from these vesicles 
 that cholesterol crystals nucleate. Factors other than cholesterol saturation 
are required to form gall stones, as super-saturated bile is found in normal 
subjects during an overnight fast. The rate of cholesterol crystallization and 
gall bladder function also play a role. Glycoprotein in bile promote nucleation 
of cholesterol crystals leading to stone formation, but why this occurs only in 
bile from patients with gall stones is unclear. It may depend on presence or 
absence of solubilizing factors.  
Bile pigment stones: 
Black pigment stones contain calcium salts of bilirubin, phosphate and 
carbonate in addition to bilirubin polymers and mucin glycoproteins; the 
biliary lipid are normal. These stones form in the gall bladder and are seen in 
patients with chronic haemolysis e.g. hereditary sphero-cytosis and sickle cell 
disease, where there is an increase in bilirubin and also in cirrhosis. 
Brown pigment stones have layers of cholesterol, calcium salts of fatty 
acids, mainly palpitate, and calcium bilirubinate. They tend to form in the 
common bile duct after cholecystectomy and are due to precipitation of 
bilirubin with calcium. They are also found with strictures, sclerosing 
cholangitis and Caroli's syndrome (5).  
 Clinical presentation of gallstones: 
1- Asymptomatic: 
The majorities of gallstones remains in the gallstones and are 
asymptomatic and may only be discovered incidentally when a patient is being 
investigated for some other reason. They require no treatment since it is 
natural for them to remain asymptomatic with only approximately 18% of 
patients having symptoms over a 15 years period or until the stone become 
impacted in the neck of the gall bladder, the cystic duct or common bile(5).  
2- Acute cholecystitis: 
In over 90% of cases the gallbladder contains gallstones. Initially 
there is obstruction to the neck of the gallbladder or the cystic duct by an 
impacted stone leading to distension and inflammation. The inflammation is 
usually sterile but within 24 hours gut organisms can be cultured from the gall 
bladder, occasionally the inflammation may be mild and quickly subsides, 
sometimes leaving a gallbladder distended with mucus "mucocele". 
In this situation the patient may, only have slight abdominal pain with 
palpable gallbladder. More commonly the inflammation is more severe 
involving, the whole wall and giving rise to a localized peritonitis and acute 
pain, occasionally the gallbladder can be distended with pus "an empyema, 
and rarely an acute gangrenous cholecystitis occurs, with perforation and 
more generalized peritonitis. 
 Clinical presentation: 
1- Right upper quadrant pain. 
2- Indigestion 
3- Flatulence 
4- Diffuse upper abdominal pain of acute pancreatitis 
5- Fever. 
6- Nausea and/ or vomiting. 
7- Mild jaundice "stone or edema". 
8- Increased WBC. 
Complications: 
1- Suppurative gallbladder. 
2- Emphysematous gall bladder "infection with gas 
3- Forming organisms e.g. in diabetics. 
4- Gallbladder perforation. 
5- Fistulae formation (5). 
6- Gallstones ileus 
7- Pancreatitis  
2- Chronic cholecystitis: 
Chronic inflammatory reaction of the gallbladder is the commonest 
type of gall bladder diseases (6). 
Chronic ca1cular cholycystitis is the episodic symptoms in patient with 
gall bladder stone. 
 3- Common bile and intrahepatic duct stones: 
The spectrum of presentation of common duct stones is wide ranging 
from pancreatitis, septicemia resulting from untreated biliary obstruction and 
cholangitis to an incidental finding in ultrasound. Coexisting stones in the 
gallbladder is common. 
Predisposing factors: 
• Post cholecystectomy. 
• Choledocal anomalies. 
• Ampullary obstruction. 
• Acquired disorders of the bile ducts such as, sclerosing cholangitis and 
parasitic chalangiopathy. 
• Hyper-concentration of the bile following surgery. 
Biliary motility disorders: 
1- Biliary dyskinesia "sphincter of Oddi dysfunction": 
It is a clinical condition characterized by increased pressure In the 
sphincter of Oddi. It may present with right upper quadrant (biliary type) pain, 
usually in post cholecystectomy patients. Imaging may show dilated bile ducts 
and abnormal bile emptying. 
2-  Gallbladder inertia: 
A condition of unknown clinical significance characterized by 
abnormal gall bladder emptying with stasis of contents with no crystal, sludge 
or stones and may be investigated by radionuclide gall bladder emptying scan. 
 3- Biliary sludge: 
This is a condition characterized by viscid bile in the gallbladder, 
consists of mucus, cholesterol crystals and calcium bilirubinate granules and 
might be a probable precursor to gallstones formation. It is associated with 
acute pancreatitis, recurrent biliary pain and recurrent jaundice. 
Diagnosis: 
- Ultrasound. 
- Duodenal drainage after stimulation. 
4-  Other biliary disorders: 
1- Sclerosing cholangitis: Disease of unknown etiology characterized by 
an inflammatory process affecting the intra and extra hepatic ducts 
causing scaring and stenosis. Biliary cirrhosis and hepatic failure 
occurs with to of patients, requiring up transplantation (3).  
2- Carcinoma of the gallbladder: Adenocarcinoma is associated with gall 
stones in 90% of cases. Female to male ratio is 3:1. Porcelain gall 
bladder and sclerosing cholangitis are predisposing factors. 
Obstructive jaundice is common presenting feature. Curative surgery is 
often not possible (3). 
3-  Carcinoma of the bile ducts "cholangiocarcinoma"  
- First described by Klatskin (4). 
- Sclerosing cholangitis and choledocal cyst are predisposing 
factors. 
- Biliary obstruction is a presenting feature. 
 - Affect younger age groups. 
4- Choledocal cysts: Sacular dilatation of the extra hepatic bile ducts.  
Clinical significance: 
• Sludge and/ or stone formation.  
• High risk of cholangiocarcinoma. 
• Associated with intrahepatic ductal dilatation "Caroli's disease". 
• Should be surgically resected when possible. 
5- Mirrizzi syndrome: This syndrome occurs when an impacted calculus 
within the cystic duct causes acute cholecystitis. Extension of the local 
inflammatory process involves the common hepatic or  common bile 
duct, this compressive effect may result in biliary obstruction and 
jaundice(3). 
6- Adenomyomatosis: is a condition of unknown etiology. There are fundal 
nodular filling defects. Strictures can occur at any site. There are 
epithelial sinuses. 
7- Xanthogranulomatous cholecystitis: This condition is characterized 
histologically by destructive inflammatory process with varying 
proportions of fibrous tissue, inflammatory cells and lipid laden 
macrophages. The presence of gall stones is variable. Its locally 
invasive nature may result in biliary stricturing at intra or extra hepatic 
level. 
 Imaging modalities 
1- Ultrasound:  
As the gallbladder is a fluid filled structure it is particularly amenable 
to sonographic examination. Because the gallbladder should be full of bile, the 
patient is asked to fast in order to prevent gallbladder contraction, but no 
other preparation is necessary. The normal gallbladder wall is so thin (<3mm) 
that it is sometimes barely perceptible. Ultrasonography is also the best test 
for demonstrating the bile ducts. The common bile duct can be visualized in 
almost all patients, it is seen as small tubular structure lying anterior to the 
portal vein in the porta hepatis and should not measure more than 7 mm in its 
normal diameter. The lower end of the common bile duct is often obscured by 
gas in the duodenum which lies just anterior to it. The normal intrahepatic 
biliary tree is of such small calibre that only small portions few millimeters 
long may be seen at porta hepatic. (7)  
Sonographic findings: 
1. Gallstones: 
o White echogenic structure that cast a dark shadow" acoustic 
shadow" behind it. 
o Stones are usually mobile unless fixed to the gallbladder wall. 
o Large anterior gallbladder stones may obscure the gall bladder. 
o Very small stones and cholesterol stones might not cast an 
acoustic shadow (4).  
 2. Acute cholecystitis: 
o Gallstones / s. 
o Sonographic Murphy’s sign. 
o Fluid around the gallbladder.(pericystic fluid) 
o Gallbladder wall thickening. 
o Stone impacted in the neck of the gall bladder. 
o Dilated gallbladder. 
3. Chronic cholecystitis: 
o Contracted thick walled gallbladder± gall stone / s. 
o Scarring of the gallbladder wall. 
4. Biliary dyskinesia: 
o Dilated bile ducts. 
o Abnormal bile emptying. 
5. Gallbladder inertia (Lazy gallbladder): 
o Abnormal gallbladder emptying with biliary stasis. 
6. Biliary sludge "viscid bile": 
o Low level echoes in the dependent portion of the gallbladder. 
o Sludge is unaccompanied with acoustic shadowing. 
o The fluid fluid level (sludge level) is usually not entirely 
horizontal. 
o The sludge slope takes several minutes to re- accumulate when 
patient position is changed (8). 
  
 7. Sclerosing cholangitis: 
o Segmental ductal dilatation. 
o Increased periductal reflectivity (Thickening of the wall). 
o Regional lymphadenopathy. 
o Features of established cirrhosis and portal hypertension (3).  
8. Carcinoma of the bile ducts" cholangiocarcinoma" : 
o Biliary dilatation above the tumor. 
o Peripheral mass at the bifurcation of the left and right hepatic 
ducts (3). 
9. Carcinoma of the gallbladder: 
o Focal soft tissue mass. 
o Focal or diffused thickening of the gallbladder wall. 
o Invasion of the liver 
o Evidence of metastasis. 
o Associated gallstones are common (4).  
10. Gallbladder polyps: 
o Projecting from the wall into the echo free bile. 
o Have the same texture as the wall. 
o No acoustic shadowing. 
o Not mobile with changing position (9). 
11. Cholesterosis, adenomyomatosis and mucosal hyperplasia do not 
give specific diagnostic features. 
 2- Hepatobiliary radionuclide scanning: 
Imino-diacetic acid (IDA) pharmaceuticals labeled with 99mTc are 
excreted by the liver following intravenous injection and may be used for 
imaging the bile duct system. Their main use in patients with suspected acute 
cholecystitis, hepatic excretion occurs despite relatively high serum bilirubin 
levels and there for these agents can be used when the patient is jaundiced 
even with serum bilirubin levels of up to 250 µmol/ L (15mg%), all that is 
required IS that the patient fast for four hours prior to the injection of the 
radionuclide. Normally the gallbladder, common bile duct, duodenum and 
small bowel are all seen within the first hour confirming the patency of both 
the cystic duct and the common bile duct. If the common bile duct and 
duodenum or small bowel are seen within the first hour but if the gall bladder 
is not visualized the cystic duct is considered to be obstructed(7).  
3- Oral cholecystography: 
Now superseded by ultrasound as the primary investigation, oral 
cholecystography still has a limited role in anatomic and functional 
assessment of the gall bladder. The media in common use is soluble lopodate 
"Biloptin" and calcium ipodate (solubiloptin). These are tri-iodinated benzene 
ring compounds whose concentration in the gall bladder IS dependent upon 
ingestion and adequate absorption in the gut, taken up in the liver, excreted in 
bile, enterohepatic circulation and a patent cystic duct. Any factor influencing 
this pathway will result in failure of opacification and a nonfunctioning gall 
 bladder. There are non biliary causes of failure of opacification which need to 
be considered: 
1. Failure of transfer e.g. non compliant patient, oesophageal 
obstruction, achalasia, pyloric stenosis. 
2. Failure of absorption. 
3. Parenchyma liver disease. 
4. Intra or extra hepatic cholestasis. 
5. Biliary enteric fistula (Surgical anastomosis). 
6. Acute pancreatitis. 
7. Vomiting and diarrhaea 
Optimum technique include a preliminary plain radiograph, followed 
by coned (low KV) films either  screened or with standardized prone oblique, 
supine oblique and a horizontal-ray projection of an interval of 12- 15  hours 
following ingestion of 39  grams of contrast  
medium. Anomalies of gallbladder position should be excluded with an 
abdominal film if these standardized coned views fail to visualize the 
gallbladder. 
Ingestion of contrast can also be confirmed with the radiopaque medium 
demonstrated within the bowel (3).  
4- Endoscopic retrograde cholangiopancreatography: 
Consist of injecting contrast material directly into the common bile duct 
through a catheter inserted into the ampulla of Vater via an endoscope 
positioned in the duodenum. 
 Indications: 
1- To determine the cause of jaundice in patients with large duct 
obstruction and to undertake endoscopic treatment. 
2- To investigate unexplained abdominal pain thought to be of biliary 
origin. 
3- To retrieve the common bile duct in patients undergoing laparoscopic 
cholecytectomy when common bile duct stone is suspected (7). 
4- Stenting of the common bile duct.  
5- Percutaneous transhepatic cholangiography (PTC): 
Direct puncture of the intrahepatic ducts using a fine gauge Chipa 
needle allows demonstration of the biliary tree with relative safety. 
Expert operators can opacity the duct system in over 98 % of cases in 
both adults and children (3). Technical success is limited with undilated duct 
system and in less experienced hands. 
Indications: 
1- Cholestatic jaundice to confirm or exclude extra hepatic bile duct 
obstruction. 
2- Prior to therapeutic intervention (biliary drainage procedure) (10). 
3- In defining the level of the biliary leak.  
4- In defining the biliary enteric or biliary cutaneous fistula (3). 
5- Before constructive surgery. 
6- When ERCP fails or not available.  
6- Intravenous cholangiography: 
 Has been replaced by endoscopic retrograde cholangiopancreatography 
(ERCP) in assessment of extra hepatic biliary tree (3).  
7- Magnetic resonance cholangiopancreatography (MRCP : )  
Special sequence enables the biliary tree to be visualized directly without 
the need for any contrast agent (7). 
8-  Other imaging modalities are: 
? Plain radiography. 
? Operative cholangiography. 
?  Post operative T-tube cholangiography. 
?  Computed tomography. 
Previous studies 
As mentioned in the encyclopedia that so many studies were done on the 
gallbladder motor function, gallbladder emptying and other biliary disorders. 
In one study the gallbladder contraction measured using 
ultrasonography compared to biliary scintigraphy, results showed that, 
ultrasonography can not be used routinely as a substitute for biliary 
scintigraphy (11).  
in another study ten balloons of various shape and size were scanned by 
real-time ultrasonography in vitro and that was compared to an in vivo study 
in which the gallbladder emptying was studied in 14 volunteers after ingestion 
of two raw eggs, the result showed that three dimensional ultrasongraphy 
methods accurately determine gallbladder volume (12). 
  One hundred and fifty consecutive patients with gallbladder stones who 
had undergone successful lithotripsy were followed up sonographically at 
yearly intervals or whenever biliary pain was reported. The result showed 
that, there is 5 years gallbladder stones recurrence interval after lithotripsy 
and obesity is a predisposing factor for recurrent stones as it is for primary 
stones (13). 
In another study gallstones number and size as well as gallbladder 
motor function were assessed by ultrasound in a population ≥60 years old. The 
results showed that, in the elderly, the prevalence of gall stones disease is very 
high especially in women, but gallstones size, number and pattern and 
gallbladder emptying do not differ from that reported in the middle age gall 
stones population. Advanced age is associated with a high rate of calcified 
prop ably pigment stones (14).  
The effect of long acting somatostatin agonist on gallbladder motility 
and stones formation was studied in11 patients. The results showed that, 
gallbladder motility is impaired in patients receiving either of somatostatin 
agonist (lanreotide and octreotide) for treatment of acromegaly, and long term 
follow up will be needed to establish the true incidence of stones(15). 
In 13 patients postprandial gallbladder emptying was measured 
sonographically before and after endoscopic sphincterotomy (EST) aiming to 
study the effects of dividing the sphincter of Oddi at (EST) in filling and 
emptying aspects of the gallbladder function. Results demonstrated that no 
 adverse effects of dividing the sphincter of Oddi at endoscopic sphincterotomy 
on the gallbladder kinetics (16). 
Fasting and postprandial gallbladder volumes were studied by 
ultrasonography in 49  gallstones patients with pigment (n= 14) or cholesterol 
(n=35) stones and 30  healthy individuals. The results showed that, patients 
with black pigment stones who do not have excess cholesterol have decreased 
gall bladder emptying (17). 
An experimental study was done in the guinea pig to determine the effect 
of acute acalculus inflammation on the gallbladder contractility using the 
common bile duct ligation model (CBDL), it was found that common bile duct 
ligation in the guinea pig produces acute gallbladder inflammation and 
decreased gallbladder muscle contractility. Direct inhibition of, muscle 
function is indicated by impaired contractile response to potassium 
depolarization. The impaired muscle contractility cause secondary 
inflammation and may play a role in clinicopathology of acute calculus 
cholecystitis (18). 
Comparative study to determine the gallbladder emptying in non-
pregnant, pregnant and puerperal women was done and demonstrated that 
fasting and postprandial residual volumes were significantly larger during 
pregnancy, while the kinetics of gallbladder emptying was similar in 
nulliparous and' pregnant women. During puerperum, gallbladder volume 
return to the value observed in nulliparae, but the kinetics of emptying was 
 significantly faster suggesting an increased sensitivity of the gallbladder 
muscle to physiological stimuli (19). 
 Examination of inpatients with various type of biliary dyskinesia 
concluded that the diagnosis of functional disorders implies combined clinical 
and instrumental modalities (20). 
 Using ultrasound machine gallbladder contraction in response to liquid 
fatty meal was studied in 100 consecutive adults resulted in. The maximum 
contractions were found mostly (69%) at 60 min, ( %93 ) of subjects at 90 min. 
No difference in gallbladder contraction capacity between males and females 
and also among different age groups. 41.12 %  contraction capacity (post 
emptying volume) is considered to be the lower limit of normal(21). 
 In studying patients who presented with recurrent biliary type of pain in 
the absence of gallstones, the study concluded that, an abnormal emptying 
pattern of the gallbladder was identified(22).The question of is biliary colic is 
an indication for function test when no stone seen needs to be answered. 
In this study, it was found that, the volume of the gallbladder is greater 
in obese subjects with no intrinsic defect in the gallbladder contractility; 
therefore, this condition can be excluded from the risk factors of biliary 
lithiasis in obese subjects (23). 
Individuals with diabetes mellitus were reported to have 2-fold  to 3-fold 
increase in the incidence of cholesterol gallstones and reduced gallbladder 
motility was suggested to be a predisposing factor  and was  studied using 
real-time ultrasonography . 
 The result showed that, gallbladder volume in diabetics was 
significantly greater compared with that of the control. In diabetics with 
autonomic neuropathy, gallbladder motility was markedly reduced in 
comparison to the diabetics without autonomic neuropathy. This suggests that 
impairment of the gallbladder motility complicating autonomic neuropathy 
causes stasis and results in cholesterol gallstones (24). 
 
 
 
 
 OBJECTIVES 
 
1- To estimate the normal gallbladder fasting and post prandial volume in 
normal Sudanese people. 
2-  To test the role of ultrasound in the assessment of gallbladder motor 
function and emptying. 
3-  To find out the relationship between (right upper quadrant pain, upper 
abdominal pain and dyspepsia) and abnormal gallbladder motor 
function. 
4-  To assess the contractility of the gallbladder containing silent 
gallstones. 
 Chapter Tow  
PATIENTS & METHODS 
The study was done in the period from March 2000 to October 2001 in 
Omdurman Military Hospital which is the central hospital for the Sudanese 
Army and one of the major teaching hospitals in Khartoum. 
One hundred and thirty-five consecutive patients presented to the 
Ultrasound Department and fulfilling the following criteria were selected. 
Inclusion criteria: 
1- A patient with clinical conditions simulating gallbladder disease, but 
the gallbladder is sonically normal. 
2- Patients with clinical problems not related to gallbladder disease    e.g. 
infertility, but otherwise normal. 
3- Healthy individuals "controls". 
4- Patients with silent gall stone / s found incidentally on routine 
ultrasonography. 
5- Patients with known silent gall stone/s. 
Exclusion criteria: 
1- Symptomatic gallbladder stone/s. 
2- Thick-walled gallbladder > 3mm. 
3- Scaring of the gallbladder-wall. 
4- Edema around the gallbladder. 
5- Positive sonographic Murphy's sign. 
6- Dilated intra or extra hepatic bile ducts. 
 7- Gallbladder mass. 
8- Gallbladder with calcified-wall (Porcelain gallbladder). 
9- Congenitally malformed gallbladder. 
10- Gallbladder which is abnormally located. 
11- Patients with jaundice. 
Technique: 
? Patients selected were requested to fast adequately (overnight or at 
least 8 hours or more) before the examination; this is expected to 
fill up the normal organ with bile. 
? Functional studies can be done by repeating the examination half 
an hour or so after fatty meal (9).  
? Using Aloka 550 ultrasound machine with the 3.5MHz probe 
through abdominal and pelvic ultrasound scanning done for each 
patient. The gallbladder was identified and localized in two 
positions, supine and left lateral decubitus. 
? Maximum fasting length, depth and width (cm) of the gallbladder 
were measured in the optimum position for the patient. 
? Then the patient given two eggs to eat and drink clear water only 
and asked to come back after one hour. 
? When he/she came back the maximum postprandial length, depth 
and width (cm) of the gallbladder again measured using the same 
position for the same patient. 
 ? Then the fasting and postprandial volumes were calculated using 
the formula for the ellipsoid volume:- 
Length x Depth x Width x 0.522 = volume in cm3 
Methods of data collection: 
Questionnaire. 
Methods of data analysis: 
Statistical analysis. 
 
 
 
 
 
 
 
 
 Chapter Three  
RESULTS 
 
Table  I 
 
 
Distribution of the study population by gender of sex 
 
gender frequency % 
Female 109 81  % 
male 26 19  % 
Total 135  
 
 
 
Table 2. 
 
Case processing summary 
 
 Cases 
Included Excluded Total 
N percent N percent N percent 
BEFORE * 
GRPNO 
134 
134 
99.3% 
99.3% 
1 
1 
.7% 
.7% 
135 
135 
100.0% 
100.0% 
AFTER * GRPNO
 
 
 
 
 
 
 
 
 
 
 Table 3. 
Case Summaries 
 
GRPNO BEFORE AFTER 
1 
 
Mean 
Std. Error of 
Mean 
Std. Deviation 
21.6605 
.9383 
9.3831 
7.4842 
.4255 
4.2550 
2 Mean 
Std. Error of 
Mean 
Std. Deviation 
32.2584 
2.1240 
10.6200 
7.7236 
.6603 
3.3015 
3 Mean 
Std. Error of 
Mean 
Std. Deviation 
33.5878 
4.8487 
14.5460 
14.7156 
2.3453 
7.0359 
Total Mean 
Std. Error of 
Mean 
Std. Deviation 
24.4388 
.9525 
11.0261 
8.0108 
.4023 
4.6572 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 4. 
Group 1: Clinicaly suggestive gallbladder disease. 
Paired samples Statistics 
 
  
Mean 
 
N 
 
Std 
Deviation 
Std. Error 
of Mean 
 
Pair BEFORE 
    
21.6605 100 9.3831 .9383 
1 AFTER 7.4842 100 402550 .4255 
 
 
Table 5. Group 1 
Paired Samples Test 
 Paired Differences  
 
 
 
t 
Mean Std.  
Deviation
Std. 
Error 
Mean
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair BEFORE 
-AFTER 
14.1763 7.1713 .7171 12.7534 15.5992 19.768
 
  
Table 6 Group 2 
.Paired Samples Statistics 
  Mean N Std.  
Deviation 
Std. Error 
Mean 
Pair  
1 
BEFORE  
AFTER 
32.2584
7.7036 
25 
25 
10.6200 
3.3015 
2.1240 
.6603 
 
 
 
Table 7 .Group 2. 
Paired Samples Test  
 Paired Differences  
 
 
 
t 
Mean Std.  
Deviation
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair BEFORE -
AFTER 
24.0422 10.0422 2.0084 20.4096 28.7000 12.226
 
 
 
  
Table 8.Group 3. 
sticsPaired Samples Stati 
 
  Mean N Std.  
Deviation 
Std. Error 
Mean 
Pair  
1 
BEFORE  
AFTER 
33.5858
14.7156
9 
9 
14.5460 
7.0359 
4.8487 
2.3453 
 
  
Table 9. Group 3. 
Paired Samples Test 
 Paired Differences  
 
 
 
t 
Mean Std.  
Deviation
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair BEFORE -
AFTER 
18.8722 7.8912 2.6304 12.8065 24.9380 7.175
 
 
  
Table 10. 
Comparison of gall bladder volume 
 
Before and after fatty meal in three groups of patients 
 
Group No Statistic before After %reduction 
in volume 
Paired t-test 
I Mean 21.6605 7.4842 56  % P < 0.001 
N : 100 SD 9.3831 4.2550  
 C.L 21.66+1.84 80.83+7.48  
II Mean 32.2584 7.7036 76  % P < 0.001 
N: 25 SD 10.6200 8.3015  
 C.L 32.26+4.16 10.29+7.7  
III Mean 33.5878 14.7156 56  % P < 0.001 
N : 9 SD 14.5460 7.0359  
 C.L 33.58+9.5 4.6+14.72  
   
GP I   = Clinically suggestive gallbladder disease. 
GP II   = No gallbladder disease (controls) . 
GP III = Silent gallstones. 
  
 
 
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
 
  
 
 
 
  
 
 
 
  
 
 
 
  
 
 
 
 
 Chapter Four 
DISCUSSION 
A total number of 135 patients were studied in the period between March 200 to 
October 2001 using Aloka 550 ultrasound machine with 81% female predominance 
(table-1). 
In the case processing ,only one case is excluded (table-2).The mean values of the 
gallbladder diameters is found to be within the normal range in the literature review 
(1). 
Concerning group 1 patients the reduction in the gallbladder volume after fatty meal 
is highly significant with 95%cofidence interval. (table- 5), and so in group 2 
patients (table-7) and group 3   patients (table-9).  
Comparing the gallbladder volumes before and after fatty meals   in the three groups 
of patients showed that the reduction in the gallbladder volume is highly significant 
with p value < 0.001 in the three groups (table-10). 
The mean gallbladder volume   in group 1 patient  is less than group 2 ones (21.66 
versus 32.26) and  the reduction in gallbladder volume after fatty meal is also less in  
group 1 compared to group 2 (56% versus 76%) .(table -10).This difference in 
gallbladder motor function exist  though the gallbladder is sonically normal in both 
group .But group 1 are ill patients  , considering these observations I suggested that  
: in the ill patient the gallbladder motor function is reduced as other body functions 
are impaired  and further study is needed to confirm or exclude. 
The gallbladder volumes before fatty meals in group 3 patients is found to be more 
than the control and the reduction in volume after fatty meal is less than the control 
(56% versus 76%) ,this impaired emptying may lead to more stone formation. 
 Despite the differences the values obtained in the three groups are within the normal 
range. 
These findings don’t imply that the gallbladder disease does not affect it is motor 
function and further study is needed to answer the question.    
 CONCLUSION 
1. There are   some variations in normal gallbladder fasting and postprandial 
volumes in the Sudanese population. 
2. Group 2 patients (controls) showed fasting gallbladder volumes > group 1 and 
< group 3. 
3.  Group 1 and 3 patients showed residual postprandial gallbladder volumes > 
group 2 (controls).  
4. The gallbladder motor function in the ill patient decreases as other body 
function decreases. 
5. The presence of silent stones in the gallbladder decreases the contractility of 
gallbladder but remains within normal limits. 
6. Ultrasound is an initial useful method for assessing gallbladder motor function. 
 Recommendations 
1- Co-operation and feedback system between the clinicians and the radiologist 
is of paramount importance for doctor experience and patient benefit. 
2- Patients with silent gallstone/ s should be followed up by ultrasound and the 
stone's should be left alone as far as the gallbladder kinetics are normal and 
the stone / s remains silent (no infection). 
3- Routine ultrasonography for patient with clinical condition simulating gall 
bladder disease should include fasting and postprandial volume 
measurements, if other signs of gallbladder disease are lacking. 
4- In patient with (upper quadrant pain, dyspepsia  ...etc), gallbladder disease 
could be excluded sonographically if the gallbladder size, shape, wall and 
function are normal. 
 
5- Further study of the motor function of the diseased gallbladder and the 
gallbladder of the ill patient after recovery from other disease is 
recommended.  
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